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Abstract 
This study presents the research results of the influence that barbotage refining on the mechanical properties of high pressure die casting 
made of AlSi12S alloy. The operation of refining was conducted in a melting furnace, with the use of an FDU Mini Degasser. Mechanical 
properties (UTS, YS, Elongation, Brinell Hardness) were assessed on the samples taken from high pressure die castings. The influence of 
transferring molten metal and the influence of time of keeping molten metal undergoing the refining process on the alloy mechanical 
properties. 
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1. Introduction 
 
Refining of aluminum-silicon alloys aims at removing 
hydrogen, oxides, borides, nitrides and spinels, as well as harmful 
elements such as lithium, beryllium, calcium, sodium and 
strontium [1]. 
Because liquid alloy gassing gas porosity appears in the 
casting which reduces crystal cohesion and, as a result, impairs its 
mechanical properties. The porosity causes hot cracks during 
solidification and reduces casting leak tightness. Oxide inclusions 
cause brittleness and impair casting workability [2-4]. Problems 
connected with refining aluminum-silicon alloys (devices, gases 
used for refining, effectiveness of the refining process, decay of 
the refining effect) are discussed in many studies [5-10].  
Manufacturing responsible high pressure die casting alloy 
Al-Si requires determining the possibilities the refining gives for 
the improvement of mechanical properties. 
The aim of this work was to establish the influence of 
barbotage refining, transferring molten metal and the time after 
refining on mechanical properties (UTS, YS, Elongation, Brinell 
Hardness) of the high pressure die castings material. 
 
2. Material and experimental conditions 
 
The material for experiments was AlSi12S alloy used for 
high pressure die castings in the foundry META-ZEL. Four melts 
of AlSi12S alloy were prepared on the basis of pigs, process 
scraps and swarfs. For the four melt variations the following 
percentage of metal charge was established:  
x first variation: pigs of AlSi12S – 60%, process scraps – 20%, 
swarfs 20%, non-refined, 
x second variation: pigs of AlSi12S – 60%, process scraps – 
40%, non-refined, 
x third variation: pigs of AlSi12S – 60%, process scraps – 20%, 
swarfs 20%, refined, 
x fourth variation: pigs of AlSi12S – 60%, process scraps – 
40%, refined.  
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according to all the melt variations is presented in Table 1. 
 
Table 1. Chemical analysis of AlSi12S alloy.  
Element content, wt.%  Melt 
no.  Si Cu  Fe  Mn  Zn  Ti  Al 
I 11,83  0,111  0,49  0,064  0,103  0,015 rest 
II 11,88  0,112  0,53  0,074  0,109  0,011 rest 
III 11,86  0,110  0,51  0,061  0,098  0,014 rest 
IV 11,90  0,113  0,52  0,072  0,108  0,012 rest 
 
Melting was conducted in an electrical induction furnace 
of average frequency (250 Hz), produced by Junker GmbH, of a 
maximum capacity 1,200 kg. The furnace burden was calculated 
as 1,000 kg.  
In the 1
st and 3
rd melt variation, process scraps (20%) and 
pigs (20%) were introduced to the furnace. After they melted, 
swarfs (20%) were introduced, and then the remaining pigs. 
Before introduction to the furnace, the swarfs were centrifuged in 
order to remove coolant.  
In the 2
nd and 4
th variation, first process scraps (40%) 
were introduced to the furnace, then pigs (60%). 
At the first stage of examination, mechanical properties 
were assessed for the samples taken of high pressure die castings 
made of a non-refined alloy taken from the foundry ladle. Such 
tests were conducted with the alloy from the 1
st and 2
nd melt. 
After the metal charge was molten and slag stroke off, the 
temperature of molten metal was established at 720 
oC. Then, the 
metal was poured into a ladle of a 200 kg capacity and transported 
to the high pressure die casting stand. Metal was taken from the 
ladle to pour the pressure mould. 10 castings were made of each 
melt. Samples for mechanical properties assessment were taken of 
the castings (Fig. 1). 
 
a) 
 
 
 
b) 
 
 
 
Fig. 1. Location of casting sampling –a). Dimensions of samples 
for testing mechanical properties –b) 
 
At the first stage of examination, mechanical properties 
were assessed for the samples taken of high pressure die castings 
made of a barbotage refined alloy. Such tests were conducted with 
the alloy from the 3
rd and 4
th melt. 
After the molten metal was prepared in the melting 
furnace, it was heated to 720 
oC. To assess the mechanical 
properties of high pressure die castings, some of the molten metal 
was poured into the transport ladle. The ladle was transported to 
the high pressure die castings stand. After the alloy temperature 
was reduced to 690 
oC, 10 high pressure die castings were made. 
Samples for mechanical properties assessment were taken of the 
castings. The rest of the liquid alloy was used to make pig 
castings. The molten metal that remained in the furnace was 
treated with barbotage refining. 
The barbotage refining was conducted using an FDU Mini 
Degasser. This is a device for refining molten metal in the melting 
furnace (Fig. 2). Argon output was established as 22 l/min. The 
rotor speed of rotation was 500 rpm. 
 
 
 
Fig. 2. FDU Mini Degasser for barbotage refining 
 
Total time of refining was 20 min. After the refining 
process was finished, covering granular (Ecremal) was spilled 
over the molten metal surface to bound the slag that was flowing 
out. Then, the slag was removed. After that, the metal was poured 
into a ladle and transported to the high pressure die castings stand. 
As the alloy reached a temperature of 690 
oC, 10 high pressure die 
castings were made. Samples for mechanical properties 
assessment were taken of the castings. 
Then, the metal was poured into the pressure machine 
heating furnace. The furnace was of a 250 kg capacity. 7 minutes 
later the metal achieved a temperature of 690 
oC. After oxides 
were removed from the molten metal surface, the pressure mould 
was poured. 10 high pressure die castings were made and samples 
for mechanical properties assessment were taken of them. 
To establish the influence of the time of keeping molten 
metal in the furnace at the pouring stand (75 minutes and 120 
minutes after the end of refining) on the mechanical properties, 10 
high pressure die castings were made. Samples for mechanical 
properties assessment were taken of these castings. 
Mechanical properties (UTS, YS, Elongation, Brinell 
Hardness) were assessed with an Instron 4483 testing machine.  
 
3. Experimental results and analysis 
 
Experimental results of mechanical properties of samples 
taken of high pressure die castings made of non-refined alloy (1
st 
and 2
nd melt), taken from the transport ladle, have been presented 
in Table 2. 
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samples taken of high pressure die castings achieved from 
the 1
st and 2
nd melt (non-refined). Castings were made of the 
alloy taken from the transport ladle 
Mechanical properties  Melt  
UTS, MPa  YS, MPa  Elongation, % 
 
HB 
I 150  140  0,7  61 
II 152  142  0,8  63 
 
The results obtained indicate that the use of swarfs in the 
charge material had no significant influence on the mechanical 
properties of the high pressure die castings material. 
Experimental results of mechanical properties of samples 
taken of high pressure die castings made of refined alloy (3
rd and 
4
th melt), have been presented in Tables 3 and 4. 
 
Table 3. Mechanical properties of AlSi12S alloy samples assessed 
for the samples taken of high pressure die castings. 3
rd melt 
(after refining) 
Mechanical properties  AlSi12S, 
History of alloy  UTS, 
MPa 
YS, 
MPa  Elongation % 
HB 
initial state  150  138  0,7  62 
5 minutes after refining 
(after pouring the alloy to 
the transport ladle) 
212 172  1,7  78 
10 minutes after refining 
(after pouring from the 
transport ladle to the furnace 
at the pressure machine) 
187 149  1,5  71 
75 minutes after refining 
(after emptying half of the 
volume of the furnace at the 
pressure machine) 
176 144  1,0  65 
120 minutes after refining 
(after emptying half of the 
volume of the furnace at the 
pressure machine) 
166 143  0,8  63 
 
Table 4. Mechanical properties of AlSi12S alloy samples assessed 
for the samples taken of high pressure die castings. 4
th melt 
(after refining) 
Mechanical properties  AlSi12S, 
History of alloy  UTS, 
MPa 
YS, 
MPa  Elongation % 
HB 
initial state  156  145  0,8  63 
5 minutes after refining 
(after pouring the alloy to 
the transport ladle) 
225 181  1,9  81 
10 minutes after refining 
(after pouring from the 
transport ladle to the furnace 
at the pressure machine) 
201 161  1,6  73 
75 minutes after refining 
(after emptying half of the 
volume of the furnace at the 
pressure machine) 
186 157  1,1  65 
120 minutes after refining 
(after emptying half of the 
volume of the furnace at the 
pressure machine) 
177 150  0,9  64 
Graphical presentations of the results of mechanical 
property testing, assessed for high pressure die castings (3
rd and 
4
th melt) have been presented in Fig. 3-6. 
 
 
Fig. 3. Tensile strength of AlSi12S alloy samples taken of high 
pressure die castings 
 
 
Fig. 4. Yield strength of AlSi12S alloy samples taken of high 
pressure die castings 
 
 
Fig. 5. Elongation of AlSi12S alloy samples taken of high 
pressure die castings 
 
 
Fig. 6. Hardness HB of AlSi12S of alloy samples taken of high 
pressure die castings 
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Barbotage refining allowed for clear growth of tensile 
strength, yield strength, elongation and hardness of high pressure 
die castings material made of AlSi12S alloy, if compared to the 
high pressure die castings material made of non-refined alloy. The 
tensile strength increased by more than 60 MPa. Yield strength 
increased by more than 60 MPa. Elongation increased by 1%. 
Hardness increased by more than 15 HB. 
Pouring the alloy from the transport ladle to the furnace at 
the pressure machine caused a decrease in mechanical properties 
of the high pressure die castings material. The tensile strength 
decreased by approx. 25 MPa. Yield strength decreased by 
approx. 20 MPa. Elongation decreased by 0.2%. Hardness 
decreased by approx. 7 HB. 
Keeping the liquid alloy in the furnace at the pressure 
machine caused a decrease in mechanical properties of the high 
pressure die castings material. After 110 minutes of keeping time, 
the tensile strength decreased by 21÷24 MPa, if compared to the 
castings made just after pouring the molten metal to the furnace. 
The yield strength decreased by approx. 6÷11 MPa. Elongation 
decreased by 0.7%. Hardness decreased by 8÷9 HB. 
Material of the high pressure die castings made of alloys 
refined in a melting furnace, despite numerous transfers (from the 
furnace to the transport ladle, from the ladle to the furnace at the 
pressure machine, from the furnace at the pressure machine to the 
machine loading chamber) and despite the time of keeping it in 
the furnace at the pressure machine, which was  approx. 2 hours, 
it was characteristic of better mechanical properties than the 
material of high pressure die castings made of non-refined alloy. 
The results obtained indicate that barbotage refining of 
AlSi12S alloy in the furnace at the pressure machine would allow 
for improvement of mechanical properties of high pressure die 
castings. 
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